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1 .  - Introduction 
.-..,/-I*-,q, . ,..*4,,-,-,/ 
In  th is  paper  the  re la t ionships  between t h r ee  geodetic datums and the  
new Smithsonian As t rophys ica l  Observa tory ' s  Standard E a r t h  (determined by  
Gaposchkin and Lambeck [ l ] )  have been  es tabl ished through compar i sons  of 
coordinates  of s ta t ions  t ied to both the global geocentr ic  s y s t e m  and the  r e s p e c -  
t ive datum. The  da tums  considered a r e  the North  A m e r i c a n  Datum of 1927 
(NAD), the European  Datum of 1950 (EUR), and the Prov is iona l  South 
Amer i can  Datum of 1956 (SAD). F o r  the NAD 12 s ta t ions  w e r e  used,  f o r  
EUR 7 s ta t ions ,  and f o r  SAD 3 s ta t ions .  F o r  s e v e r a l  o ther  datums one o r  
two s ta t ions  a r e  available f o r  determining a t  l e a s t  the t rans la t ion  of the 
datum,  but i t  has  been found that  these  e lements  a r e  not represen ta t ive  of 
the en t i r e  datum.  These  da tums  a r e  not d i scussed  f u r t h e r  he r e .  
2. - The  Method 
C'. v..-\,.- .-.-, A,.-,--.-* 
The  geodetic datum i s  usual ly  defined by the coordinates  adopted a t  the  
origin,  and in  such  a definition the mino r  axis  of the r e f e r ence  el l ipsoid will  
genera l ly  be cons idered  pa ra l l e l  t o  the  e a r t h ' s  ro ta t ion axis  if Lap l ace ' s  
condit ion a t  the  o r ig in  and e l sewhere  has  been sa t is f ied.  
A m o r e  p r ac t i c a l  definition of the geodetic coordinate sy s t em i s  by the  
coordinate  values  of the  physical  points i n  the geodetic net. If the  computa- 
t ions  have been c a r r i e d  out r igorously ,  the geoidal heights a r e  known a t  all 
points, and a l l  observat ions  have been  reduced to  a consis tent  pole; these  
two definitions a r e  essentially the same,  but these conditions a r e  not always 
satisfied. In par t icular ,  a knowledge of the propagation of systematic  or 
model e r r o r s  through the net i s  often unavailable. Thus, the distortions 
introduced may  manifest  themselves a s  rotations of the geodetic sys tem with 
respect  to the e a r t h ' s  rotation axis ,  and rotation elements should be intro-  
duced into the t ransformation between the two systems.  
If the geocentric coordinates of a point P. a r e  denoted by X.Y.Z  the 
J J J j' 
geodetic car tes ian  coordinates of the same point by x;y;z;; the translation 
J J J  
between the two sys tems by AX, AY, AZ; the rotations by the Euler  angles 
by a, $ , E (where a ,  $ , E a r e  positive when rotations f r o m  the geodetic t o  the 
geocentric sys tems a r e  anticlockwise); and the scale  difference between the 
two sys t ems  by AL - then 
') = (f" + ( . A : )  
z j (I) 
Each  station with coordinates i n  both sys tems provides such a s e t  of equations, 
and the seven t ransformation elements  a r e  estimated f rom the combined sets .  
Both se t s  of coordinates a r e  stochastic quantities, s o  that equation (1)  
m u s t  be wri t ten a s  
1 o o x t y - z  0 
0 1  o y - x  o t z  
O O l z  O t x - y  
where  E E a r e  cor rec t ions  t o  the  functions of observed quanti t ies X, x. 
-X' --x - -  
If G i s  the  covar iance m a t r i x  of the X and g i s  the  covar iance m a t r i x  of the 
x, the  covar iance m a t r i x  used i n  the  adjustment  of the above exp re s s ion  i s  
The  la t i tudes ,  longitudes, and heights of s ta t ions  i n  t he  global c a r t e s i an  
r e f e r ence  s y s t e m  can  be computed f o r  a defined geocentr ic  r e f e r ence  ellipsoid. 
Thus ,  t he  coordinates  of the  or igin  of a geodetic datum (+ X H ) when D D D  
t r a n s f o r m e d  into the  global s y s t e m  by using equation (1)  and converted t o  
e l l ipsoidal  coordinates  (+ X H ) give the  cor rec t ions  to  the deflections of G G G  
the  ve r t i c a l  (6L = + - +D), 67 = cos  + (AG - A D ) ,  6H = (HG - HD) adopted a t  G 
t h e  da tum origin. I n  t h i s  paper ,  t he  geocentr ic  el l ipsoid of r e f e r ence  has  
a flat tening of 11298.25 and a s e m i m a j o r  ax i s  of 6 ,378,155 m. 
I n  the  subsequent ana lyses ,  the  re la t ionships  be tween var ious  datums 
and t he  recen t  Smithsonian As t rophys ica l  Obse rva to ry ' s  global r e f e r ence  
s y s t e m  (Gaposchkin and Lambeck  [ l ]  ) have been es tabl ished by u se  of the 
above t r ans fo rma t ion  formula .  Th is  global solution i s  a combination of 
r e s u l t s  obtained by the  dynamic and t h e  geomet r ic  methods of sa te l l i t e  
geodesy,  data  obtained f r o m  a n  ana lys i s  of deep- space probes ,  and sur face-  
g rav i ty  measu remen t s .  T h e  p a r a m e t e r  s solved f o r  include the  geocentr ic  
coord ina tes  of 39 s ta t ions  with a n  accu racy  general ly  be t te r  than  10  rn. The 
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s c a l e  of the  global  solution i s  defined by GM = 3.98601 3 X 10 c m  s e c  , 
and the  or ienta t ion by the  m e a n  pole of 1903-1 905, the  UT- 1 of Bureau  
Internat ional  de l 'Heu re ,  and the  po la r -mot ion  data of the  International  
P o l a r  Motion Service .  T h e  GM value cor responds  t o  a velocity of light 
- 1 
of 2. 997925 X 10' c m  s e c  . 
3. - North A m e r i c a n  Datum (1 927) 
- M - P d - - - - J  
A to t a l  of 12 s ta t ions  t ied  t o  the  North  A m e r i c a n  Datum have been  used.  
Tab l e  1 l i s t s  the s ta t ions  and t he i r  coordinates  i n  the two coordinate sy s t ems .  
Al l  geoid heights have been es t imated  f r o m  the  as t rogeoid m a p  of F i s c h e r  
e t  al.  [ Z ]  . 
T h e  covar iance m a t r i x  der ived  f r o m  the  combination solution is used 
f o r  a ccu racy  e s t ima te s  of X Y Z F ig .  1 gives the e r r o r  e l l ipses  fo r  
--j' -j' -j' 
t h e  s ta t ion  coordinates ,  although the  full  m a t r i x  i s  used i n  the  adjustment .  
Accu racy  e s t ima te s  fo r  the  1927 adjustment  of North A m e r i c a  a r e  given 
by S immons  [3] i n  the  f o r m  of loop c lo su re s  of the  sect ions  fo rming  t h e  loops 
a f te r  t he  junction posit ions have been  adopted. T h e s e  have been  used t o  
der ive  t he  covar iance m a t r i x  (Table  2 )  f o r  the hor izontal  coordinates.  The  
accu racy  a t  any one s ta t ion  h a s  been  a s sumed  equal i n  a l l  d i rec t ions  (F ig .  2 ) .  
T h e  a c c u r a c i e s  of the  dis tances  between p a i r s  of s ta t ions  der ived f r o m  th i s  
m a t r i x  a r e  essen t ia l ly  in  ag reemen t  with t he  emp i r i ca l  formulat ion of 
S immons ;  tha t  is, the  propor t ional  a ccu racy  i s  of the  o r d e r  of 1 in  
20, 000 M " ~ ,  where  M i s  t h e  dis tance i n  m i l e s .  
Accu racy  e s t ima te s  of the  heights of the  s ta t ions  above t he  el l ipsoid 
t h (Table  2 )  a r e  based on the ana lyses  of the  35 para l le l  geoid sec t ion  and the  
cen t r a l  United S t a t e s  sect ions  by Rice  [4 ,5]  , a s  well  a s  on recen t  r e s u l t s  
obtained by the  U. S. Coast  and Geodetic Survey (unpublished). No co r r e l a t i on  
between height and hor izontal  posit ions h a s  been  assumed.  
Resu l t s  
The  solut ion fo r  the  s even  p a r a m e t e r s  gives the following resu l t s :  
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T h e  va r i ance  of unit weight u i s  given a s  1 .  07, and with 29 d e g r e e s  of 0 
f r eedom,  F ~ .  95,29,  m = 1 .  46.  
The  co r r ec t i ons  t o  the  coordinates  a r e  given in Fig .  1, and the c o r r e c -  
t ions  t o  the geodetic coordinates  i n  F ig .  2. T h e  covar iance m a t r i x  of the 
adjusted s ta t ion coordinates ,  r e f e r r e d  to t he  geocentr ic  r e f e r ence  sy s t em,  
shows l i t t le  co r r e l a t i on  between the  components of the var ious  stat ions.  
The  angle 6 A  between the X Z  and xz planes  i s  re la ted  to  the  or ienta t ion 
e l emen t s  by (Bur sa  [6]) 
t h e  ax i s  being to  the  e a s t  of the X ax i s .  S imi la r ly ,  the angle 6P between the 
two ro ta t ion  axes  is given by 
i n  a d i rec t ion  about 35" wes t  of Greenwich (Fig .  3 ) .  
Relating the  Meades  Ranch or igin  on t he  Cla rke  el l ipsoid to the ea r th -  
c en t e r ed  el l ipsoid by u se  of the above t r ans fo rma t ion  e lements  gives  the 
following co r r ec t i ons  t o  the  deflections of the  ve r t i c a l  adopted f o r  the  datum 
origin:  
T h e  value f o r  AL e x p r e s s e s  the  s ca l e  difference between the  two s y s -  
t e m s  and indicates  that  the  NAD 1 9 2 7  i s  s m a l l e r  than  the  global solution by 
6 3 . 4  i n 1 0  . 
The  co r r ec t i ons  t o  the  NAD coordinates  (Fig .  2)  indicate a poss ible  
sy s t ema t i c  e r r o r  i n  lat i tude fo r  s ta t ions  i n  the  no r theas t e rn  p a r t  of the  U .  S. 
of about 5 to  7 m. 
Because of the  sma l lne s s  of the  t h r e e  rota t ion elements,  a second ad jus t -  
m e n t  ha s  been  m a d e  on t he  assumpt ion  that  the  two coordinate s y s t e m s  a r e  
paral le l .  The  r e s u l t s  a r e  
The di f ference between the two s e t s  of t rans format ion  e lements  i s  
marg ina l ,  and they yield a lmos t  identical  r e su l t s  when used to t r a n s f o r m  
coordinates  f r o m  NAD to the geocentr ic  s y s t e m  o r  v ice  v e r s a ,  indicating 
that, within the  l im i t s  of the accu rac i e s  d i scussed  h e r e ,  t he r e  a r e  no s e r i o u s  
dis tor t ions  in  NAD 1927. In view of the way the NAD was computed - f i r s t  
by adjusting the  wes t e rn  half and then by tying the other  pa r t s  to i t  while 
keeping th is  block fixed - this conclusion i s  somewhat  surpr i s ing .  
B u r s a  [7, 81 and Veis [ 9 , 101 have both given solutions f o r  the  re la t ion-  
sh ip  between the  NAD and f r o m  sa te l l i t e -de te rmined  re fe rence  sy s t ems .  
T h e i r  r e s u l t s  a r e  genera l ly  inconclusive be cause  of the few s ta t ions  available.  
B u r s a  [8],  f o r  example ,  used observa t ions  f r o m  s ta t ions  9001, 9007, 9009, 
and 901 0 a s  wel l  a s  some GIMRADA data  t o  es t imate  rota t ion e lements ,  but 
two of t he se  s ta t ions ,  9007 and 9009, a r e  i n  South A m e r i c a  and only loosely  
t i ed  t o  NAD 1927. A r ecen t  solution by Lambeck  [I 11 gives r e su l t s  s i m i l a r  
t o  the  p r e sen t  solution using coordinates  der ived f r o m  a n  e a r l i e r  i t e r a t i on  
of the  global r e f e r ence  sys tem.  
4 .  - European  Daturn 1950 
-OA,.AA-,.>A-- 
Altogether nine stat ions (o r  g roups  of s ta t ions)  a r e  available f o r  re la t ing  
the  Eu ropean  Datum of 1950 to  the global r e f e r ence  sys tem.  Table  1 l i s t s  
the  appropr ia te  coordinates .  T h e  geoid heights  have been es t imated  f r o m  
Fische r  [12]. The average accuracies  of the station coordinates, relative 
to the Potsdam origin, have been estimated f r o m  the resul ts  summarized by 
Whitten [13] a s  3 X 1 o - ~  t imes  the distance to the origin. This may appear 
overoptimistic, but because of the seven-parameter  transformation, 
systematic  distortions over the ent i re  datum need not be considered in  
a s ses s ing  these accuracy est imates .  Station heights above the reference 
ellipsoid have been assumed to be accurate  to f 3  m,  and no correlat ion 
between horizontal and vert ical  positions h a s  been assumed. 
F r o m  initial comparisons between the two solutions, two resu l t s  become 
apparent immediately: there  is a large-  s cale difference between the global 
solution and EUR 1950, and stations 9074 (Riga) and 9115 (Oslo) give poor 
agreement.  Fig.  4 i l lustrates  these resu l t s  in the f o r m  of differences in 
distances computed f r o m  the two solutions. Unfortunately, we do not have 
enough information to  a s s e s s  the accuracy with which the geodetic coordinates 
of station 9074 a r e  known, while f o r  station 91 15 we consider the global solu- 
tion to be suspect  because of the limited data available and because of s y s -  
tematic timing e r r o r s  that have been known to exist  in satell i te observations 
f r o m  this station. F o r  these reasons,  these two stations have been rejected 
f r o m  the datum adjustment. 
Results 
The solution for the seven t ransformation elements i s  
The co r r ec t i ons  t o  the  geocentr ic  coordinates  a r e  given i n  Fig .  5, and 
the  cor rec t ions  t o  t he  datum coordinates  in F ig .  6 .  In  m o s t  cases ,  these  
cor rec t ions  a r e  s m a l l e r  than  the a s s u m e d  accu racy  es t imates .  
The  angle between the  xy and XZ planes i s  6A = +I! '$  f 01'6, the x axis  
being t o  the e a s t  of the X axis,  and t he  angle 6P between the  two rota t ion 
axes  i s  2!'2 f 0!'7, i n  a di rect ion 219" longitude (Fig .  7) .  
The  s ca l e  di f ference indicates that  the Eu ropeanDa tum i s  too l a r g e  by 
6 1 2 . 4  i n  10 when compared  with the  s c a l e  based  on GM. 
Relating t he  Po t sdam or igin  o n  EUR 1950 to the ea r th -cen te red  el l ipsoid 
gives t he  following components of the deflection of the ve r t i c a l  t o  be added 
t o  t he  values  ini t ial ly adopted f o r  the  origin: 
Solving only f o r  the sca le  and t rans la t ion  e l emen t s  yie lds  the following r e su l t s :  
Th i s  solution i s  s ta t is t ica l ly  s t i l l  acceptable a s  F = 1. 67. 0. 95,14, co 
However,  the co r r ec t i ons  to  the  heights again  show sys t ema t i c  tendencies  
(F ig .  6 )  so  that  the  s even -pa rame te r  solution appea r s  t o  be t he  bet ter  one. 
I n  addition t o  the  s ta t ions  used i n  the above t rans format ions ,  EUR 1950 
coordinates  of t he  following s ta t ions  a r e  available:  9002 - South Afr ica ,  
9006 - India, 9008 - I ran ,  9028 - Ethiopia,  and 781 8 - Alger ia .  These  s ta -  
t ions  have not been  used i n  t he  datum adjustment  because it  i s  fe l t  that  they  
a r e  too f a r  f r o m  the o r ig in  t o  give t r ans fo rma t ion  e lements  that  a r e  r e p r e s e n -  
ta t ive  of EUR 1950 in Europe.  With the  above seven  t rans format ion  e lements ,  
the  sa te l l i t e -de te rmined  coordinates  of these  s ta t ions  can  be t r ans fo rmed  
into  E U R  1950 and compared  with the da tum values  (Fig.  8 and Table 3) .  Geoid 
heights we re  es t imated  f r o m  F i s c h e r  [12]. These  compar i sons  indicate that, 
even fo r  such  dis tant  s ta t ions  a s  South Afr ica ,  the  datum coordinates  a r e  cons i s -  
5 tent  to  about 1 i n  10 . 
The  s imi l a r i t y  i n  the coordinate  di f ferences  obtained fo r  stat ions 9008 
and 9006 sugges t s  that  the connection through T u r k e y  and I r a n  m a y  be i n  
e r r o r  by about 30 m .  S imi la r ly ,  the coordinate di f ferences  fo r  s ta t ions  9002 
and 9028 suggest  e r r o r s  of about 40 m in  the  connection of the a r c  da tum to  
EUR 1950. 
B u r s a  [7 ,  81 and Veis [ 9 ,101 have a l so  given solutions f o r  the European  
Datum re la t ive  to  t h e  global sy s t em but did not a t tempt  to  solve  for  the  s ca l e  
fac tor ,  which, a s  indicated i n  the  p resen t  solution, i s  significant. The i r  
ana lys i s  was  aga in  l imi ted by the  few stat ions available,  and Bur sa ,  f o r  
example ,  used s ta t ions  9008 in  I r a n  and 9006 i n  India, which, a s  th i s  analysis  
h a s  shown, a r e  not connected re l iably  to  the EUR Datum. 
5. - South A m e r i c a n  Datum 
T h e r e  a r e  only t h r ee  s ta t ions  i n  South A m e r i c a  whose coordinates  i n  the 
South A m e r i c a n  Datum 1956 ( L a  Canoa origin) a r e  available.  These  t h r e e  
s ta t ions  l ie  on the  13,000 -km-long loop of tr iangulation around the no r the rn  
p a r t  of South Amer i ca ;  i t s  closing e r r o r  appea r s  t o  be l e s s  t han  40 m 
( F i s c h e r  and Slutsky [14] ) .  In  view of the l a rge  geoid-ellipsoid s epa ra t i on  
i n  p a r t s  of South Amer i ca ,  s e r i o u s  dis tor t ions ,  pa r t i cu la r ly  i n  scale ,  m a y  
be expected t o  exis t .  Table  1 gives  the  appropr ia te  s ta t ion coordinates.  
T h e  accu racy  of the geodetic coordinates  re la t ive  to the o r ig in  has  been  
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t aken  a s  40 p a r t s  i n  13 X 10 , o r  3 in  10 . The geoid heights a r e  t aken  f rom 
F i s c h e r  [15].  
R e  sult  s 
Solving fo r  the  seven  p a r a m e t e r s  gives 
T h e  cor rec t ions  t o  both s e t s  of coordinates  a r e  always l e s s  than  a few m e t e r s ,  
a s  would be expected s ince  t h e r e  a r e  only two deg ree s  of f r eedom in  the  
adjustment .  
Solving only fo r  the t rans la t ion  and s ca l e  p a r a m e t e r s  gives the following 
r e  sul ts :  
T h e  cor rec t ions  t o  the coordinates  in th is  c a s e  a r e  considerably  l a r g e r  than  
before  ( s e e  F ig .  9), pa r t i cu la r ly  fo r  s ta t ion  9029. 
I n  view of t he  l imi ted data  available,  the  fou r -pa rame te r  solution i s  
cons idered  to  be the  be t te r  one. F o r  th is  solution, the addit ional  deflections 
t o  the L a  Canoa or ig in  become 
6 .  - Conclusion 
The compar i sons  between geodetic datums and the geocentr ic  s y s t e m  
have indicated some  l a rge  sy s t ema t i c  "d i sc repanc ies"  between the c o r r e -  
sponding coordinates ,  d i sc repanc ies  that  could be reduced by the introduction 
of s ca l e  and rota t ion p a r a m e t e r s .  These  di f ferences  appear  to  be the  r e su l t  
of i nco r r ec t  reduct ions  of length m e a s u r e m e n t s  t o  the  r e f e r ence  el l ipsoid o r  
of the  unknown cha rac t e r  of the  propagation of mode l  e r r o r s  r a t h e r  t h a n  the 
r e s u l t  of e r roneous  definitions of s ca l e  and or ienta t ion in  es tabl ishing the  
datum. Once these  sys temat ic  tendencies  have been removed,  s u r f a c e  
6 t r iangulat ion appea r s  to be re l i ab le  to about 2 o r  3 in 10 ove r  a r e a s  
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of continental s i z e  and to about 1 i n  10 over  such  l a r g e  d i s tances  a s  Europe  
to  India and Europe  to South Afr ica .  Whether the t rans format ion  e l emen t s  
a r e  represen ta t ive  of the en t i re  datum depends on  the  s ta t ion  distr ibution.  
F o r  example,  in  Europe  the t r ans fo rma t ion  e lements  m a y  not be re l iable  
f o r  s ta t ions  i n  Scandanavia and the d i sc repanc ies  found a t  Oslo  and Riga  
have to be resolved.  Important  new data  now collected f r o m  sate l l i te-  
t r a ck ing  c a m e r a s  i n  Hels inki  and Uppsala will help  t o  reso lve  t h i s  problem.  
F o r  the SAD the t r ans fo rma t ion  e lements  c a n  be expected to be re l i ab le  only 
f o r  points i n  o r  c lose  t o  the no r the rn  loop and, because  of the s t eep  a s t r o -  
geoid s lopes ,  a r e  ce r ta in ly  not expected to be represen ta t ive  fo r  a r e a s  such  
a s  Chile o r  Argentina.  When the  SAD 1956 coordinates  of SAO sta t ions  in 
Argen t ina  become available, a new evaluation of th is  datum should give 
improved r e s u l t s .  
F u t u r e  improvements  f o r  da tum positions and adjustments  can  be 
expected if m o r e  sa te l l i t e - t rack ing  s ta t ions  par t ic ipate .  B u r s a  [7] gives 
s o m e  r equ i r emen t s  in  th is  r e s p e c t  t o  de te rmine  the or ienta t ions  of datums.  
Improvements ,  pa r t i cu la r ly  i n  the sca le  determination,  wil l  come f r o m  
s imul taneous optical  d i rec t ion  and l a s e r  range observat ions .  Some work  
f o r  NAD h a s  been done by SAO between i t s  s ta t ions  i n  F l o r i d a  and New 
Mexico (Lambeck  [16]), and by Cent re  Nationale d tE tudes  Spat ia les  and 
Insti tute ~ 6 o ~ r a ~ h i q u e  Nationale (Lefebvre  [17]) i n  Europe .  
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F i g u r e  1 - Accuracy  e s t ima te s  of s ta t ion posit ions in  NAD 1927 re la t ive  to 
the or igin  a t  Meades  Ranch. The  vec to r s  (solid l ines ,  s even -  
p a r a m e t e r  solution; dashed l ines ,  four  -pa rame te r  solution) r e p r e  - 
sen t  the cor rec t ions  to the geodetic coordinates  resul t ing f r o m  
combination with the global  solution. 
€ H  
and E' a r e  height H  
co r r ec t i ons  (E f r o m  the  s even -pa rame te r  solution and E' f r o m  H H 
the  f o u r - p a r a m e t e r  solution). 
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GREENWICH 
Figure  3 - Position of the pole of NAD 1927 (z) relative to the pole of the global 
solution (Z) .  
6 F i g u r e  4 - Dif fe rences  ( in  p a r t s  i n  10  ) i n  in te r s ta t ion  dis tances  computed 
f r o m  the global solution and E U R  1950. 
F i g u r e  5 - Accuracy  e s t ima te s  of s ta t ions  i n  EUR 1950 re la t ive  to the P o t s d a m  
origin.  Solid vec to r s  r e f e r  to  the  s even -pa rame te r  solution,  and 
broken  vec to r s  to  the four  - p a r a m e t e r  solution. 
I AND CORRECTION VECTORS I 
F i g u r e  6 - Accuracy  e s t ima te s  of s ta t ions  der ived f r o m  the  global solution 
(solid-l ine e l l ipses )  and f r o m  the combination of t h i s  solution 
with geodetic survey  data  (broken- l ine  e l l ipses ) .  The  vec to r s  
r e p r e s e n t  t he  cor rec t ions  t o  the  geocen t r ic  coordinates  resu l t ing  
f r o m  this  combination. 
GREENWICH 
F i g u r e  7 - Pos i t ion  of the  pole of E U R  1950 (z )  r e la t ive  to the pole of the global  
r e f e r ence  s y s t e m  (Z) .  
F i g u r e  8 - Differences between satell i te- solution coordinates t ransformed 
into EUR 1950 and the EUR 1950 Datum coordinates. The numbers 
in parentheses re fer  to differences in height above the reference 
ellipsoid. Distances of the station f r o m  the origin a r e  in  
megameters .  
F i g u r e  9 - Accuracy  e s t ima te s  fo r  the  combination of SAD 1956 with the  
global solution.  The s o l i d - e r r o r  e l l ipses  and co r r ec t i on  vec to r s  
r e f e r  to the datum coordinates,  and the  broken-line e l l ipses  and 
vec to r s  t o  the global solution. rH and c H r e f e r  to  the da tum 
coordinates .  
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Table  2 
Covariance m a t r i x  of the s ta t ion coordinates in  the NAD and 
2 
r e f e r r ed  to the or igin  a t  Meades Ranch (units a r e  m e t e r s  ). 
The l a s t  column gives the var iances  of the station heights 
above the ellipsoid. 
Table  3 
Differences  in  coordinates  of s ta t ions  t ied  t o  t h e  EUR 1950 Datum. 
H a r e  the coordinates  obtained i n  the  global solution 
+G' X ~ '  G 
and t r a n s f o r m e d  into the  EUR 1950 sys t em.  c+,, AD, HD a r e  the  
coordinates  i n  E U R  1950 obtained f r o m  t e r r e s t r i a l  t r iangulation.  
Propor t iona l  a ccu racy  
